The aim of this study was to investigate the infl uence of systematic training in physical growth and biological maturity in prepubertal males and estimate how this affects the physical growth and skeletal maturity. MATE-RIALS AND METHODS: 177 primary school students of the fi fth and sixth grade, from schools in Alexandroupolis, participated voluntarily in our study. Questionnaires were used in order to measure physical activity levels. The subjects were subdivided into two groups; control group (prepubertal, whose physical activity was the physical education of their school and which had never participated in systematic training, n = 95) and experimental group (prepubertal, whose weekly physical activity included physical education in their schools and additionally 3-4 training units organized training in various sports clubs in the city, n = 82). The following parameters were recorded: biological age measured by determination of skeletal age; bone density measured by ultrasound methods; anthropometric and morphological features such as height, body composition, selected diameters, circumferences and skinfolds; motor ability features. RESULTS: The experimental group exhibited older biological age (p = 0.033), higher bone density (p < 0.001), lower BMI and body fat (p < 0.001), better anthropometric features and higher performance throughout all motor ability tests (p < 0.05), compared to the control group. CONCLU-SION: The present study demonstrates that systematic physical activity has a positive effect on both the physical and biological maturity of pre-pubertal children. This effect is mainly expressed in bone strengthening as a result of the increased bone density and in improvement of the kinetic skills of pupils who participated in organized extracurricular sport-activities.
Physical activity has a signifi cant infl uence on the motor skills of adolescents. 18, 19 There are several researchers [20] [21] [22] who focus on the relationship between physical activity and bone development proving that children who train have better bone growth and long-term maintenance even after reduction or cessation of physical activity.
The above cases are reported in research that examines individual benefi ts of physical activity in children and adolescents. Relatively more limited is the research 23, 24 that examines the effects of regular physical activity to the physical growth of adolescent athletes. By the term systematic exercise we mean "participation in organized sports" (e.g. schools and clubs).
AIM
The aim of the present research was to investigate the impact of systematic training on physical growth and biological maturity in prepubertal males, and estimate how this affects the physical growth and skeletal maturity. More specifi c, the following parameters have been evaluated: 1) chronological and biological age, 2) anthropometric and morphological characteristics, 3) motor ability features and 4) bone mineral density.
MATERIALS AND METHODS

PARTICIPANTS
In order to investigate the effect of exercise on physical and biological maturity of pupils, strengthening of bones due to possible increase in bone density and their kinetic activity we compared the above four parameters among pupils-athletes who participated in different levels of sport activity. More specifi cally, these were pupils who were involved in various individual or team sports and pupils whose only sports activity was their weekly scheduled school physical education classes. The
INTRODUCTION
During childhood and especially the adolescence, a variety of changes at the physical level are observed. The physical changes, however, are accompanied by psychological changes, which cover to a degree the effect of various factors such as systematic training on the physical and biological maturity of children. Although it seems clear that exercise has a very benefi cial effect on the physical growth of children, there is little evidence in the literature documenting with measurements and tests the benefi cial effect of long-term exercise on physical growth of children.
It is widely recognised that exercise has a signifi cant positive effect on biological maturity. 1, 2 On the other hand, there are studies [3] [4] [5] that focus on the reverse relationship, highlighting that increasing maturity limits participation in sports. Other researchers 6, 7 suggest that there is positive relationship between biological maturity and physical activity. It is observed that the results for the relationship between physical activity and biological maturity vary. This could be a consequence of the use of different tools for the assessment of physical activity. 6 An important parameter is the relationship between participation in physical activities and the health status of children -teenagers, concentrating on morphological differences and individual characteristics. Exercise and physical activity are considered essentials of normal child development. Increased physical activity during childhood reduces the likelihood of obesity and eventually it is related with healthfully regulated body 8, 9 increasing strength and endurance 10 , helping to prevent cardiovascular diseases 11, 12 , to combat the metabolic syndrome 13, 14 . Additionally increased physical activity during childhood seems to have positive effects in preventing osteoporosis 15 and on high blood pressure 16, 17 later on during adulthood.
Physical Improvement and Biological Maturity of Young Athletes (11) (12) For the survey the following measurements were investigated:
At baseline both the chronological and biological age were documented. The biological age was determined by assessing the skeletal age.
Bone density was measured with the Achilles Insight 2006 ultrasound system. This device determines the ultrasound properties of the heel and automatically calculates the stiffness index. In greater detail, each measurement recorded the speed of sound (SOS) and the Broadband Ultrasound Attenuation (BUA). Based on these indicators, Quantitative Ultrasound Index Stiffness (QUI) was calculated.
Regarding the morphological features, physical measurements (height, arm span, shank length, along top edge, arm length, forearm length, length, wrist/hand, leg length, thigh length, tibia length), diameter (acromial, pelvic -at the level of the iliac wings, humeral condyles, femoral condyles, wrist, anteroposterior, thoracis), circumferences (thoracic, arm, hip, thigh, forearm, calf) and body composition (body weight, body mass index (BMI), body fat, fat mass, lean body mass) were evaluated.
Skin thickness was measured using a "Lange" skin calliper. The following skinfolds were measured: biceps, triceps, gastrocnemius, femoral, abdomen, suprailiac and scapula.
Regarding motor skills the following tests were performed: Astrand-Rhyming VO 2 max, shuttle run 10x5 m & 30 m running test, standing broad jump, vertical jump, Flamingo balance test, sit and reach test, handgrip test, sit ups, hanging with bent elbows, and pulls on a horizontal bar.
The measurements of the morphological and motor abilities, as well as the biological age and bone mineral density were applied once at the end of the pupil-coaching period. From the measurements all individuals who suffered from injuries or other upper and lower limb diseases at the time of the evaluation were excluded. All measurements were performed using the same equipment.
STATISTICAL ANALYSIS Data were analysed using the Statistical Package for the Social Sciences (SPSS), version 19.0 (IBM). All subjects' characteristics were quantitative variables and they were expressed as mean ± standard deviation. The normality of their distribution was tested using the Kolmogorov-Smirnov test. Student's t-test was used to assess the differences of subjects' characteristics between the experimental and control group. Effect size (ES) was described in terms of Cohen's d. Values of Cohen's d ≈ ± 0.2 represent a small effect, d ≈ ±0.5 represent a moderate effect and d ≈ ± 0.8 represent a large effect. All tests were two tailed and statistical signifi cance was considered for p < 0.05.
RESULTS
There was no statistically signifi cant difference in children's chronological age between the two groups (p = 0.383). However, there was a statistically signifi cant difference with respect to the biological age; the mean biological age of pupilsathletes was greater compared to that of the control group (12.15 ± 1.26 years vs 11.53 ± 1.13 years, p = 0.033). Additionally, there was a difference in the two groups regarding the bone density; the experimental group exhibited a higher speed of sound (SOS) by 9.547 m/sec (0.6%) and a more wide ultrasonic spectrum (BUA) by 3.244 dB/ MHz (3.1%). Therefore, the quantitative ultrasound index stiffness (QUI) was also signifi cantly higher (by 6.7%) for the experimental (93.634 ± 3.539 g/ cm 2 ) compared to the control (87.788 ± 3.044 g/ cm 2 ) group. All these differences were statistically signifi cant (all p < 0.001) ( Table 1) . Table 2 presents the differences in the body composition and the skinfolds of the pupils of the two groups. Specifi cally, it was observed that although the control group shows a slightly higher mean body weight (45.17 ± 7.90 kg) compared to the study group (43.62 ± 7.19 kg), this difference did not reach the statistical signifi cance (p = 0.177). However, the study group presented statistically signifi cantly lower body mass index (by 7.7%, p < 0.001), lower body fat (by 14.0%, p < 0.001) and less fat mass (by 16.7%, p < 0.001) compared to the control group. In contrast, no statistically signifi cant difference was found in the lean body mass between the two groups of pupils (36.55 ± 4.65 kg in the study group vs 36.69 ± 5.11 kg in the control group, p = 0.850). Furthermore, there were statistically signifi cant differences (p < 0.001), for six of the seven skinfolds measured herein. In all cases the students-athletes showed smaller measures (in mm) than the students of the control group. Larger differences were observed for abdominal (by 19.4%) and the triceps (by 18.6%) skinfolds. Finally, regarding the gastrocnemius skinfold, there was no statistically signifi cant difference between the groups (p = 0.374).
Additionally, there were statistically signifi cant differences in the anthropometric characteristics of the pupils (Table 3) . Specifi cally, pupils-athletes of the study group exhibited a greater height (by 3.34 cm, p = 0.002), greater arm span (by 4.52 cm, p < 0.001), and greater length of the shank (by 1.43 cm, p = 0.026), of the upper end (at 2.79 cm, p < 0.001), of arm (by 2.08 cm, p < 0.001), of lower limb (by 2.29 cm, p = 0.001) and of thigh (by 2.30 cm, p = 0.002). On the other hand, differences for length of forearm (p = 0.427), wrist/ hand (p = 0.160) and leg (p = 0.103) did not reach statistical signifi cance. Regarding the measurement of diameters, there were no statistically signifi cant differences (p > 0.05), except for the diameter of the wrist. In this respect, the study group showed a greater diameter (by 3.9%) compared to the control group (4.55 ± 0.51 cm vs 4.38 ± 0.47 cm, Table 3) . For the measurements of the body perimeters, statistically signifi cant differences between the two groups were observed in three of the six perimeters measured herein; pupils-athletes showed greater perimeters compared to pupils of the control group. In particular, the thoracic perimeter of the study group was increased by 3.1% (79.68 ± 4.55 cm vs 77.28 ± 5.62 cm, p = 0.002), the arm perimeter was increased by 4.5% (26.90 ± 2.32 cm vs 25.74 ± 2.10 cm, p = 0.017) and the gastrocnemius perimeter was also increased by 3.6% (31.12 ± 2.91 cm vs 30.04 ± 3.05 cm, p = 0.017). For the other three body perimeters such as the forearm (Table 3) . Finally, pupils-athletes of the study group showed better performance throughout all motor ability tests (Table 4 ). In particular, pupils-athletes showed higher values in Astrand-Rhyming VO 2 max (by 15.5%, p < 0.001), in standing broad jump (by 17.58 cm or 11.9%, p < 0.001), in vertical jump (by 7.22 cm or 33.7%, p < 0.001), in sit and reach test (5.51 cm or 45.2%, p < 0.001), in handgrip test (at 2.70 kg or 14.2%, p < 0.001), in sit ups (at 7.22 sit ups or 44.3%, p < 0.001), as well as in hanging with bent elbows on horizontal bars (at 2.31 sec or 24.2%, p < 0.001) and in pulls on a horizontal bar (at 0.71 or 53.0%, p = 0.025). Additionally, the control group showed lower speed in the shuttle run -10x5 m (by 2.12 sec or 9.2%, p < 0.001) and in the speed run of 30 m (by 1.05 sec or 7.9%, p < 0.001). At the Flamingo balance test, pupils-athletes had fewer falls (by 1.50 falls or 11.1%, p = 0.008) compared to the control group.
DISCUSSION
According to the fi ndings of the primary research, although in the two groups there were children of the same chronological age, there was a signifi cant difference in biological age, which was higher among pupils-athletes. Our fi ndings demonstrate that physical activity contributes to an earlier maturation (development). In addition, pupils-athletes showed greater bone density, demonstrating that systematic training promotes bone growth and maturation. Other researchers, too, have demonstrated this effect. [20] [21] [22] They clearly demonstrated that systematic exercise has a positive impact on bone growth of children and adolescents mainly because it increases the concentration of minerals in bones and peak bone mass.
On the other hand, in accordance with previous studies 8, 12 , our study supports the view that systematic exercise is an important factor for maintaining good health in children and consequently improves their quality of life. This stems from the fact that pupils-athletes had a lower body mass index, lower body fat and lower fat mass compared with pupils whose only involvement in the exercise is the physical education in school. This is also demonstrated by the fact that the group of pupils-athletes had smaller skinfolds, especially the abdominal, triceps and femoral ones. This result indicates that systematic training helps to reduce the fat from the most diffi cult body signals, which is consistent with the fi ndings of previous studies by other researchers. 23 The present study demonstrates that systematic training affects the physical growth of prepubertal, as children who participated in organized training had greater height, opening hands, as well as greater length of torso, upper limb, arm, leg and thigh. Besides, pupils-athletes also showed greater circumference of chest, arm and calf. This development seems quite logical, since, in the adolescent period the growth of muscle mass in boys is twice the growth rate of girls. Along with systematic training course, this growth is even more pronounced. 25 
CONCLUSIONS
The present study demonstrates that systematic training has signifi cant positive effects on motor abilities of preadolescent, since children who play sports showed higher values in the Astrand-Rhyming VO 2 max, in standing broad jump, in vertical jump, in sit and reach test, in handgrip test, in sit ups, as well as in isometric and dynamic pull. Also, children had higher speed (e.g., at shuttle run 10x5 m and run 30 m test) and better balance in Flamingo test. The relationship between systematic physical activities and motor abilities has been also shown by other researchers. 18 The present study proves that the systematic physical activity has a positive effect on both the physical and the biological maturity of children in prepubertal age. This effect is mainly expressed in strengthening bones as a result of the increased bone density and the improved motor skills of students that participate in organized sports besides the scheduled school activities.
